The Marble Springs homestead in south Knox County serves as a significant heritage site for the state of Tennessee because it was the final home of one of our nation's most important founding statesmen and first governor of Tennessee (1796 to 1801, 1803 to 1809), John Sevier. Recent archaeological and historical research had called into question the authenticity of the original John Sevier log cabin located at the Marble Springs homestead. We used tree-ring dating to determine the year(s) of construction of the Governor John Sevier cabin and the adjacent Walker Springs log cabin (which had been relocated to the site later and has no ties to Gov. John Sevier) by first extracting cores from all accessible logs in the cabins and then evaluating the cutting dates of these logs. A nearby reference chronology at Norris Dam anchored the Gov. John Sevier cabin chronology from 1720 to 1834 and the Walker Springs cabin chronology from 1675 to 1826. The cutting dates obtained from six logs in the Gov. John Sevier cabin suggest construction of the cabin was completed sometime between late 1835 and early 1836. We were able to date cores from 29 logs from the Walker Springs cabin, which strongly support final construction between late 1827 to early 1828. Our dendrochronological analyses suggest that the cabin at Marble Springs long thought to be the original cabin occupied by Gov. John Sevier was instead likely built during the occupancy of the property by a later tenant, George Kirby, in the early to mid-1830s, well after the death of Sevier in 1815.
INTRODUCTION
The study of dendroarchaeology uses treering dating techniques to determine when a tree was harvested in order to derive the year or years of construction for a structure composed of wood or with wood incorporated (Bannister 1962; Dean 1978) . The information from this type of analysis allows agencies charged with the care of historical structures to authenticate the historical significance and authenticity of a structure. These treering dating techniques are increasingly being used in the Southeastern U.S. to date the construction of historic structures (Bowers and Grashot 1976; Stahle 1979; Bortolot et al. 2001; Mann 2002; Reding 2002; Wight and Grissino-Mayer 2004 ; Lewis et al. 2006; Grissino-Mayer and van de Gevel 2007) . Such structures can be accurately dated with existing reference tree-ring chronologies that have been developed previously in the Southeast and housed in the International TreeRing Data Bank at the National Climatic Data Center in Asheville, North Carolina. In some cases, these studies have proven that accepted construction dates based on documentary evidence and oral tradition are inaccurate (Mann 2002; Grissino-Mayer and van de Gevel 2007) .
The tree-ring records from such structures are also valuable for extending existing chronologies further back in time to the 16 th and 17 th Centuries or perhaps earlier. This is accomplished by crossdating where matching, overlapping patterns of narrow and wide rings from living trees are compared against progressively older pieces of wood (Fritts 1976; Baillie 1982) . The unique temporal patterns of wide and narrow rings are essential for crossdating the samples of wood. The variability in ring widths is caused by changes in regional climate on a year-to-year basis so that the patterns are recorded in a similar pattern in the ring widths (Fritts 1976) . Other sets of tree rings can then be dated by comparing them to the established reference chronology.
The cabin located at the Marble Springs Historic Site (Figure 1 ) is believed to have been the home of Tennessee's first governor, John Sevier (b. 1745 Sevier (b. , d. 1815 ). Sevier was the first and only governor of the short-lived State of Franklin (1785 Franklin ( -1788 , served as brigadier general of militia for the Washington District of the Territory South of the River Ohio (as Tennessee was known then), and then served as governor of Tennessee from 1796 to 1801, and again from 1803 to 1809. Governor John Sevier is thought to have acquired the Marble Springs property via a North Carolina land grant sometime around 1796 when he began to live there part-time. He named the site ''Marble Springs'' for the two year-round flowing springs on the property (Miller 2000; Barber 2005) . Over the years, several buildings were located at the site, including the main cabin attached to a kitchen by a dogtrot (a covered passageway), a springhouse, a barn and crib, an ash hopper, a smokehouse, and four or five other cabins. Sevier himself is believed to have made improvements to structures on the site during the years he spent at Marble Springs (Sevier 1790 (Sevier -1815 .
Local lore has recently questioned the legitimacy of the main structure at the Marble Springs homestead dating to the period of occupancy by Governor John Sevier. Although archaeological testing around the John Sevier cabin produced numerous artifacts that dated to the late 1700s, the cabin has been subject to ''…a persistent rumor that the present building was not his [John Sevier's] home at Marble Springs'' (Faberson and Faulkner 2005) . Sevier himself never mentioned building the cabin (Barber 2005) and, for someone of Sevier's national stature, the cabin is rather small and simplistic, even by the standards of 1800. Furthermore, Ramsey's famous 1853 description of the ''secluded spot'' where ''stood the cabin of Governor Sevier'' (Ramsey 1853, p. 710 ) is actually describing a location far from the current Marble Springs homestead (Faberson and Faulkner 2005) .
To help settle this controversy, our goal was to determine the year(s) of construction for Gov. John Sevier's cabin at the Marble Springs homestead to verify whether or not this cabin could indeed have been the home of Governor John Sevier. We used a well-established reference treering chronology that exists for the east Tennessee region to date the Gov. John Sevier cabin, but also took advantage of the tree-ring record in the wellpreserved oak logs found in another cabin located on the Marble Springs property. Called the Walker Springs cabin (Figure 2 ), this two-story structure was originally located in the western area of the city of Knoxville, Tennessee, near Walker Springs Road (Faulkner 1991) . It was moved to its current location at Marble Springs in March 1987 and has no ties whatsoever to Gov. John Sevier. The logs in this cabin consist of oak timbers exclusively, many containing well over 100 tree rings.
METHODS

Field Methods
We extracted 0.5'' diameter cores from oak and pine logs in the Gov. John Sevier cabin with a specially designed hollow, cylindrical drill bit attached to a hand drill (Figure 3 ). To assist the crossdating process, we also cored logs from all four walls and both levels of the Walker Springs cabin. Sample identifications were assigned to the cores, which consisted of an abbreviation for the building (''JS'' or ''WS''), the cardinal direction of orientation of the wall (N, S, E, or W), the log number (beginning with the bottom log 5 ''01''), and sequential letters for each core extracted from the log (A through D). Each side of the cabin was sketched and all sampled locations indicated on the sketch.
Whenever possible, each log was sampled both at the basal (bottom location on the tree trunk) and distal (upper location of the tree trunk) ends at a location with a smooth, intact, curved surface where the outermost rings were most likely to be preserved. At least two cores per log were taken to minimize the expected effects of intra-ring variability and also for replication should internal defects occur in one of the cores. Before coring, the outer surface of the target area was marked with permanent ink to verify that the outer rings had remained intact after coring. An appropriate angle and depth for coring was estimated by examining the end of the log and locating the tree pith. After the appropriate depth was reached, the core was extracted by dislodging the attached end of the core with a hooked, thin steel rod designed for that purpose. The extracted cores were then immediately glued onto wooden core mounts with the cells aligned vertically so that the wood surface could be sanded on a transverse plane. All relevant information about each sample was written on the core mount.
Laboratory Methods
The cores were sanded using progressively finer sandpaper, beginning with ISO P40-grit (425-500 mm) and ending with ANSI 400-grit (20.6-36.0 mm) (Orvis and Grissino-Mayer 2002). The sanding process produced a surface on the wood that allowed the cellular structure of the tree rings to be visible under standard 103 magnification. All tree rings on each core were then marked by decades starting from the innermost complete ring (complete earlywood and latewood 5 ring number ''1'') to help with the measuring and crossdating procedures. Each 10th ring was marked with a single dot, every 50th ring with two dots, and every hundredth ring with three dots (Stokes and Smiley 1968) . The ring widths of each core were then measured to the nearest 0.001 mm using a Velmex measuring system and Measure J2X software. The measurement files created by this process were used for statistical crossdating.
Crossdating
The ring-width measurements for each core were then statistically crossdated to reference treering chronologies that already existed within the region. Reference chronologies were obtained from the International Tree-Ring Data Bank (IGBP PAGES/World Data Center for Paleoclimatology) in Asheville, North Carolina. We used the Norris Dam State Park (1633 to 1980) and Piney Creek Pocket Wilderness (1651 to 1982) reference chronologies (both white oak, Quercus alba L.) from eastern Tennessee to anchor the measurement series from the two structures in time (Duvick 1981 (Duvick , 1983 . Of these two chronologies, the Norris Dam chronology proved the most useful. The chronology consists of 71 dated series with an excellent average inter-series correlation of 0.61 and an average mean sensitivity of 0.20.
The undated measurements were compared one at a time to these reference chronologies using the computer program COFECHA (Holmes 1983; Grissino-Mayer 2001) . COFECHA first removes age-related and other low-frequency trends through a three-step iterative process to ensure the year-to-year (i.e. high-frequency) trends are emphasized as these are necessary for successful crossdating. COFECHA then uses segmented time-series correlation techniques to crossdate the undated series against the reference chronologies. We tested 40-year segments of each measurement series lagged 20 years. Correlation coefficients were calculated for each segment as a measure of the strength of the relationship of that segment with other 40-year segments throughout the reference chronologies. For an undated series to be considered dated, the temporal placements suggested by COFECHA had to be systematic for all or most of the tested 40-year segments, i.e. most segments had to have the same date adjustment (such as ''+1727''). The correlation coefficients also had to be statistically significant (r $ 0.37, p , 0.01), although some erratic ring patterns caused the correlations for certain segments to fall below this critical threshold, which is common in dendrochronology, especially for eastern tree species. Notable marker rings were then identified and recorded to assist in the crossdating of other series via the list method (Phipps 1985; Yamaguchi 1991) and using scatter plots. The final placement of a series in time had to be both visually and statistically convincing (Grissino-Mayer 2001) .
Once dated against the reference chronologies, all series were combined into one measurement file and again tested using COFECHA to ensure crossdating accuracy internally among the series. COFECHA flagged low correlations (r , 0.37, p . 0.01) that required re-inspection. If the alternate position suggested by COFECHA was unrealistic (for example, a ''+9'' adjustment when both 40-year segments on either side were dated correctly) or displayed a statistically significant correlation, the segment was kept at its original placement. Series that did not crossdate convincingly against either of the reference chronologies or with the crossdated individual series were temporarily put aside. We later attempted to crossdate them with the final crossdated tree-ring chronology created from each cabin.
Two statistical descriptors were used to assess the quality of the crossdating. First, the average inter-series correlation calculated by COFECHA is an average of the correlation coefficients for each measurement series when correlated against the master chronology created from all the other dated series (Grissino-Mayer 2001) . In general, an inter-series correlation of 0.40 or higher is desirable for consideration as a correctly dated series. Second, we used the average mean sensitivity, a measure of year-to-year variability, for all dated series. Because crossdating is a highfrequency process, high mean sensitivities (generally above 0.20 for southeastern tree species) facilitate the crossdating process. Low mean sensitivities result when the tree-ring series exhibit very little year-to-year variability. This lower amount of variability, known as complacency, occurs when trees experience little environmental stress. Mean sensitivity values around 0.20 are common for oak tree-ring patterns from the southeastern U.S. (DeWitt and Ames 1978).
Establishing Cutting Dates for Logs
We examined the outermost dated ring on each core at high magnification and then assigned a symbol to determine the likely period of cutting (Bannister 1962; Nash 1999) : B: bark is present, indicating the outer ring is fully intact (certainly a cutting date); r: outermost ring is continuous and intact around a smooth surface, but no bark is present (considered a cutting date); v: the date is within a few years of the cutting date, based on presence of sapwood; vv: impossible to determine how far the outer ring is from the true outer surface (no sapwood present and rings in the heartwood are likely missing). ++: a ring count was necessary for the outermost core section on a core with two sections separated by decay.
We carefully inspected the completeness of the outermost ring by looking for complete formation of earlywood vessels in the oaks followed by complete formation of latewood with no earlywood vessels formed in the following year. The latewood and earlywood of prior rings guided us in assessing whether the outermost ring appeared completely formed. If a ring was completely formed, the tree was most likely cut during the tree's dormant period after that year, a period spanning several months from the fall of one calendar year to the spring of the next. Because of the possibility of the tree having been cut in either of the two years in the cases of fullyformed outer rings, we assigned the cutting date based on the year of the complete outer ring, although the tree may have been cut the following year before growth resumed.
Cores taken from dry seasoned wood are often brittle and the sapwood can be decayed considerably or riddled with insect galleries, causing the cores to be in two or more sections.
We crossdated the rings on each core up to the gap, and then counted the number of rings in the outermost detached section of the core (which included the outermost ring and therefore the cutting date of the log) and added this ring number to the outermost crossdated ring on the innermost core section. For these cores, the outermost date was a terminus post quem, i.e. a year after which the log had been harvested for inclusion in the structure (Baillie 1995) .
RESULTS
We extracted 31 cores from 11 oak logs and 7 cores from 5 pine logs in the John Sevier cabin, while 53 cores representing 31 oak logs were extracted from the Walker Springs cabin. The final oak chronology for the John Sevier cabin consisted of 16 oak cores representing 6 logs (Table 1) . Although some crossdating was evident for the pine cores when compared to the oak reference chronologies, the matches were not conclusive enough to warrant assigning exact calendar years. For the Walker Springs log cabin, 48 cores were used to develop the final tree-ring chronology, representing 29 logs (Table 2) .
Descriptive Statistics
For the John Sevier cabin oak chronology, the average inter-series correlation was 0.64 (Table 1) , and 0.61 for the Walker Springs cabin ( Table 2) . The values for the oak chronologies are well above the minimum 0.40 we prefer to see as a sign of the quality of internal crossdating for a set of site measurements. Both values are also comparable to the average inter-series correlations for the Norris Dam and Piney Creek reference chronologies (0.61 and 0.58, respectively). For the John Sevier cores, the average mean sensitivity was 0.22 (Table 1) . For cores from the Walker Springs cabin, the average mean sensitivity was also 0.22 (Table 2) 
Crossdating
For the 16 cores from the John Sevier cabin, COFECHA tested 61 40-yr segments for crossdating accuracy and flagged only five (8.2%) as possibly being misdated. Four of these flags occurred on the two cores from one tree, JSN09 (Table 3) , although the overall inter-series correlations for these two cores were acceptable (JSN09C 5 0.45 and JSN09D 5 0.52). For the 48 cores from the Walker Springs cabin, COFE-CHA tested 244 40-year segments and flagged only seven (2.9%) as being possibly misdated. The rings in all 12 flagged segments for both structures were inspected and found to be correctly placed in time. Rather than being possibly misdated, these segments contained erratic rings or ring patterns (e.g. the extremely wide ring for 1816 on core JSN09C) that significantly lowered the correlations for these ring segments. These erratic patterns were likely caused by local disturbances, such as windthrow or wildfire, that masked the stronger climate factor that causes the common patterns necessary for successful crossdating. The final John Sevier RESIDUAL chronology (i.e. all autocorrelation removed within the chronology) had a highly significant correlation of 0.47 (t 5 5.71, p , 0.0001, n 5 115 years) with the Norris Dam RESIDUAL oak chronology from 1720 to 1834 (Figure 4) . The final Walker Springs RESIDUAL chronology had a lower but still statistically significant correlation of 0.34 (t 5 4.49, p , 0.0001, n 5 152 years) with the Norris Dam RESIDUAL oak chronology from 1675 to 1826 ( Figure 5) . Together, the John Sevier oak chronology and the Walker Springs oak chronology displayed a very high correlation with each other of 0.56 (t 5 6.90, p , 0.0001, n 5 107 years) (Figure 6 ), confirming the crossdating of the two chronologies.
Cores from two oak logs on the John Sevier cabin could not be dated with the Norris Dam reference chronology, but dated significantly against the Piney Creek Pocket Wilderness reference chronology, bringing the total number of dated logs to 8 (Table 5) . Cores JSE07A and JSN06A displayed statistically significant correlations with this chronology of 0.41 (t 5 4.56, p , 0.0001, n 5 105 years) and 0.46 (t 5 5.05, p , 0.0001, n 5 97 years), respectively. Core JSE07A had an outermost ring of 1879. Core JSN06A had an outermost measured ring of 1868, but had 11 rings (unmeasured) in the outer segment of the sapwood, which would make the outermost ring for the core 1879 as well. These two logs were clearly replacement logs taken from a structure created from trees that once grew more towards east-central Tennessee rather than eastern Tennessee based on the strength of correlations with the Piney Creek chronology. We observed that log JSE07 consisted of two sections, an oak section on its northern end and a pine section for the remainder.
Cutting Dates
The cutting dates for logs used in the John Sevier cabin clustered in the middle 1830s, although one log had a cutting date of 1830 (JSS01) ( Table 5) . Two logs (JSN03 and JSW04) had 1834 cutting dates while another log (JSS03) had a cutting date of 1835. Two logs had outermost dates of 1832 (JSE01 and JSN09) based on ring counts on the separated core sections in the sapwood, but these dates nonetheless support tree harvesting in the middle 1830s. The clustering of outermost dates on these five oak logs suggests a construction of the cabin in the period 1834-1835. Ideally, we would have preferred a minimum of 10 logs with a clear clustering of outermost dates in a one to two-year period before inferring a possible year of construction, but the degraded condition of the logs in this cabin hindered this assessment. The cutting dates for logs used in the Walker Springs cabin (Table 6 ) provide a stark contrast. Our success in crossdating the rings in these logs and the clear clustering of outermost ring dates likely was the result of the protective covering of clapboard siding installed on the house for much of its existence. Virtually all logs (29) support cutting dates in the period 1827-1828, making this cabin one of the most reliably dated historic structures in the Southeastern U.S. Many logs (e.g. WSE03, WSN03, WSN04, WSN05, WSN10, WSW04, and WSW08) had an outermost ring of 1827 that had only earlywood vessels present, suggesting that the trees were harvested soon after the trees had broken dormancy in the spring of 1827. Other logs (e.g. WSE05, WSN11, WSN12, r: outermost ring is continuous and intact around a smooth surface, but no bark is present (considered a cutting date); v: the date is within a few years of the cutting date, based on presence of sapwood (supports a later cutting date); ++: a ring count was necessary for the outermost section on a core with two sections separated by decay. WSS04, WSS05, and WSW12) had more complete latewood for the year 1827, suggesting that these trees were harvested later in the growing season, perhaps in late summer or fall of 1827. However, these rings may have formed completely by the time the trees were cut, suggesting harvesting any time from fall of 1827 to late winter 1828.
Discussion
The quality of crossdating and the statistics of the resulting tree-ring chronologies from both cabins were comparable to previously created oak reference chronologies in the region. The high inter-series correlations between ring patterns from the John Sevier cabin, the Walker Springs cabin, and the Norris Dam living trees (as well as the trees used to create the Piney Creek reference chronology) demonstrate the regional climatic signal for eastern Tennessee common in all data sets. Ideally, we would have liked additional trees to strengthen the sample size in the John Sevier cabin, but we nonetheless feel strongly that the statistically significant correlation calculated between the chronology from this cabin and the Norris Dam chronology indicates that the John Sevier cabin is correctly and convincingly placed in time. Such a high correlation would not have occurred had the individual ring series not been correctly crossdated. Marker rings such as 1755, 1762, 1774, and 1813 are all clearly present in both the John Sevier cabin cores and the Norris Dam reference chronology. In some years, the two chronologies clearly did not correspond (such as the years 1732, 1736, 1753, and 1807), but these discrepancies are likely because of either differences in local climate patterns or influences of local disturbances and do not override the overall regional climate signal shared between these two chronologies.
Asynchrony could have occurred because trees may have been affected by stand-specific local disturbances common in eastern U.S. forests, especially gap formation caused by windthrow or expected tree mortality (Runkle 1982; Orwig and Abrams 1995; Frelich 2002; Cseke 2003) . The tree rings in such segments often display lower correlations because the segment had a weaker relationship to climate during the period of influence by these disturbances. Still, we point out that the series or portions of series with lower correlations still always had positive correlations (rather than near zero or negative correlations) compared to segments from other series, suggesting that some signal was present despite the added noise.
As expected after our initial visual inspection, we were unable to conclusively date some of the cores collected from oak logs in the John Sevier cabin. In general, the logs (both oak and pine) in the John Sevier cabin are in poor condition, and the cores taken from this cabin were also in poor condition. On most cores, the sapwood was heavily decayed causing a gap between the sapwood and heartwood, although occasionally we found that we had all the rings despite this gap. Sapwood is especially vulnerable to insect infestation (resulting in the ubiquitous beetle galleries) and decay caused by moisture, in addition to its susceptibility to removal during the log hewing process (Baillie 1982; Mann 2002) . Occasionally, cores were too short because of internal decay, causing too few rings for accurate crossdating. In contrast, the logs in the Walker Springs cabin were all in excellent condition, likely because the structure was covered for most of its existence by protective clapboard siding when it was located in west Knoxville, Tennessee (Faulkner 1991) . As a result, we were able to develop a new high quality, well replicated, reference tree-ring chronology for eastern Tennessee from this one structure. The cutting period of 1827 to 1828 for the Walker Springs cabin corroborates the findings from an earlier study based on architectural dating that indicated the cabin ''could have been built several years before 1830'' (Faulkner 1991) .
In the John Sevier cabin, the logs with series that could be crossdated had smooth intact outer surfaces with outermost ring dates ranging from the early to mid-1830s. Two of these logs (as well as seven in the Walker Springs cabin) had outermost sections of cores that had separated from the main portion of the core. The rings in these separated sections were not measured but could be visually compared to rings in the sapwood on complete cores to visually match the ring patterns and come up with an estimated outermost ring date. Two logs that we sampled on the John Sevier cabin were obvious replacement logs from another structure as these had much later outermost dates (1879) than the other six logs.
The John Sevier cabin was likely completed shortly after the last of the trees was felled, putting the time of completion somewhere between the summer of 1835 to the early spring of 1836. These cutting dates make the inhabitance of this cabin by Governor John Sevier impossible because these logs were felled well after his death in 1815. This would place the time of construction during the period of ownership (1818-1847) by James Dardis, but historians are unclear who actually lived at Marble Springs during this interval (Faberson 2005) . In 1818, the Sevier heirs sold the property to James Dardis who continued to own the land until 1847, when the property was bought by George Kirby (Barber 2005) . It is unlikely that Dardis ever lived at Marble Springs because he was a wealthy attorney and the property was simply one of his investments. Instead, the property was likely occupied by tenants at this time, namely the Kirby family (Faberson 2005) . George Kirby is found on the 1840 census living in the Marble Springs area. Because Kirby had a son who was then 7 years old, he must have been married by at least 1832, placing him in time there to harvest the logs for what is now known as the John Sevier cabin. We believe that Kirby probably built the cabin shortly before or when he got married, not uncommon in those days. Interestingly, few historical artifacts that dated between 1820 and the 1840s-1850s were uncovered in previous archaeological investigations. It is very possible that no one lived permanently at the Marble Springs Historic Site until after 1830 when Dardis moved to Winchester, Tennessee, and George Kirby began living there as a caretaker. Kirby eventually purchased part of the original Sevier tract when Dardis died in 1847.
